WHAT'S KNOWN ON THIS SUBJECT: Presleep activities (eg, television watching) have been implicated in the declining sleep duration of young people. However, previous research reported on selected presleep activities, raising the possibility that important activities in this period are not accounted for.
RESULTS:
In the entire sample, television watching was the most commonly reported activity, and screen sedentary time accounted for ∼30 minutes of the 90-minute presleep period. Participants with a later sleep onset had significantly greater engagement in screen time than those with an earlier sleep onset. Conversely, those with an earlier sleep onset spent significantly greater time in nonscreen sedentary activities and self-care.
CONCLUSIONS: Screen sedentary time dominated the presleep period in this sample and was associated with a later sleep onset. The development of interventions to reduce screen-based behaviors in the presleep period may promote earlier sleep onset and ultimately improved sleep duration in young people. During the past 100 years, a rapid decline in the sleep duration of young people of .1 hour per night is evident. 1 Inadequate sleep has been associated with a range of behavioral and health disturbances in young people, including poor concentration and academic performance, 2 lack of coordination, 3 increased aggression, 4,5 hyperactivity, 5 metabolic dysfunction, 6 and obesity. 7 Reduced total sleep time is thought to be due to later bedtimes rather than to early waking, 8 and therefore, presleep activities may be implicated through disrupting or displacing sleep. These presleep activities include the use of electronic screen-based media 9 (eg, television, computers, and video games) and other nonscreen activities, such as homework. 10 The association between screen time and sleep onset or duration has been examined in a number of studies in young people. In Saudi 6-to 13-year-olds (N = 1012), late evening television viewing or computer game play was associated with reduced total sleep time (20.63 hour, 95% confidence interval [CI] 27.9 to 20.47, P , .001). 11 Similarly, television watching (b = 2.041, P , .05), computer games (b = 2.064, P , .001), and Internet use (b = 2.119, P , .001) were all associated with reduced total sleep time during weekdays in Flemish adolescents (N = 2546). 12 Data from a sample of Australian adolescents (N = 2200) indicated 79% were engaged in screen-based activities (television, video games, and computer) in the 120 minutes before sleep onset, with screen time accounting for more than half of this presleep period. Total daily screen time of adolescents with very late or late sleep onset was significantly greater than for those with very early or early sleep onset (247 vs 208 min/d; P , .0001). 13 In addition to these traditional screen activities, presleep use of mobile phones (eg, text messaging) may also disrupt sleep. In the same Flemish cohort described earlier, the odds ratio of being "very tired" 1 year later increased to 3.3 (95% CI 1.9-5.7) and 5.1 (95% CI 2.5-10.4) in participants who used a mobile phone once per week or more than once per week after the lights are turned out, respectively, compared with those who did not do this. 14 Presleep electronic media use is hypothesized to affect sleep patterns in 3 ways: time displacement, depression of melatonin, and cognitive arousal. Time displacement of sleep has been shown to increase when a media device, such as a television, is present in the bedroom. 15 In addition, the blue light emitted by screens attenuates melatonin concentrations in children, 16 which disrupts the circadian rhythm and delays sleep onset. 17 Finally, "thriller" or action-oriented electronic games may stimulate wakefulness through heightened cognitive processes, such as fear or excitement, 9, 18, 19 which may be reflected in somatic outcomes such as elevated heart rate and perspiration. 20 
Design and Participants
A complex survey design involving stratified multistage sampling was used. The primary sampling unit was a mesh block, which is a defined geographic area, varying in size from part of a city block to large areas of rural land. Within each mesh block, eligible households were identified and asked to participate in the survey. One child or young person was randomly chosen from each eligible household. The response rate was 55% and a total of 2503 households were surveyed. The race/ ethnicity of the sample was 18.8% M aori (indigenous population), 9.6% Pacific, 12.9% Asian, and 71.4% New Zealand European. This is representative of the ethnic composition of the general New Zealand population. 24 
Procedure
Data were collected during a face-toface home visit (computer-assisted personal interview [CAPI] ) and a subsequent telephone interview (computerassisted telephone interview [CATI]) conducted 7 to 14 days after the CAPI. The CAPI collected self-report data on sociodemographic characteristics and 1 to 2 days of use-of-time data (which included the assessment of activities undertaken in the presleep period). The subsequent CATI collected an additional 2 days of self-reported use-of-time data.
Home visits were conducted mainly on weekend days to maximize the chance of participants being present at home for recruitment. To reduce the bias associated with collecting all time use data on the weekend, the return CATI was made on a weekday.
Measures
Self-reported time use, including sleep, physical activity, and sedentary behavior, was measured by using the Multimedia Activity Recall for Children and Adults (MARCA). 25 The MARCA is a computerized use-of-time tool. All daily activities (including sleep) are retrospectively recalled in sequential time segments of 5 minutes or more for 24 hours of the previous day (midnight to midnight). Participants choose from a list of ∼250 activities. Each activity is linked to an energy cost taken from existing child 26 and adult 27 compendia. Metabolic equivalents 28 are used to describe the intensity of activities. The MARCA has been shown to have adequate psychometric properties. 25, 29 For the current survey, up to 4 days of recall were completed. Participants recalled the 2 previous days of activity at each of the 2 data collection periods. Because of the limited cognitive ability of young children to recall time accurately, 30 parents of participants aged 5 to 9 years provided a proxy recall of their child' s activities when they were directly supervising the child, including the presleep period.
Data Treatment
For each eligible participant, 1 MARCA profile was randomly selected for analysis to avoid problems associated with intraindividual clustering. For each profile, the self-reported time of evening sleep onset was identified. Profiles with a reported sleep onset earlier than 6:00 PM were regarded as invalid and excluded. All activities reported in the 90 minutes before sleep onset were extracted for each profile, accounting for the entire presleep period. The top 20 most popular activities (by frequency of reporting) were identified and grouped into 3 intuitive behavioral sets: screen sedentary time (television, computer, and video games), nonscreen sedentary time (eg, reading, eating, and talking), and self-care (eg, showering, brushing teeth, and getting ready for bed). Presleep time spent in each behavioral set was calculated for each profile. If a profile reported none of the activities comprising a particular behavioral set, the time in that set was considered to be zero.
According to time of sleep onset, profiles were classified into 4 mutually exclusive categories (very early, early, late, and very late) by using quartiles of the residuals obtained from adjusted regression analysis. For each profile, sleep onset was estimated in the model adjusting for participant age and gender, as well as day type (school day or not school day). The residuals therefore represented sleep onset for each participant relative to other young people of the same age and gender on the same type of day.
Statistical Analysis
All statistical analyses were performed by using SAS version 9.2 (SAS Institute, Inc, Cary, NC). Descriptive information on time spent in each behavioral set (screen sedentary time, nonscreen sedentary time, and self-care), for each of the 4 sleep onset categories (very early, early, late, and very late), was presented by age group (5-12 and 13-18 years) and gender (male and female). Regression analysis was conducted to estimate the time in each behavioral set for different categories of sleep onset, adjusting for age, gender, and day type. Differences between sleep onset categories were tested statistically, with the a set at .05.
RESULTS
A total of 2017 survey participants aged 5 to 18 years were included in the current analysis. The sample consisted of 951 (47.1%) girls, and the mean age was 11.6 years (SD 3.7 years).
Average time of sleep onset is presented in Table 1 for each age group and gender. In general, younger participants had an earlier sleep onset than older participants. There were no clear differences between male and female participants. The top 20 most popular activities (by frequency of reporting) in the 90 minutes before sleep onset are presented in Table 2 . These activities were grouped into 3 behavioral sets. The activities performed in the presleep period were predominantly of low intensity, in the range of 1 to 2 metabolic equivalents. The 3 most commonly reported activities were watching television, dressing/undressing, and brushing teeth. Overall, these top 20 activities accounted for ∼80% of time in the 90-minute presleep period.
Descriptive data on time (minutes) spent in each of the 3 behavioral sets for each of the 4 sleep onset categories (very early, early, late, and very late) are presented in Table 3 . Screen sedentary time accounted for the most time in the 90 minutes before sleep onset, ∼30 minutes or one-third of this period. Consistent with overall daily patterns of screen use in New Zealand 31 and Australia, 32 older participants and male participants engaged in more screen time in the presleep period than did younger participants and female participants, respectively. The opposite trajectory was found for nonscreen sedentary time and self-care; younger participants and female participants spent more time in these activities in the presleep period than did older participants and male participants, respectively. The descriptive data also indicated that screen time tended to be higher in those with a later sleep onset.
The model-adjusted means and differences in time spent in each of the behavioral sets between sleep onset categories are presented in Table 4 . An early sleep onset was associated with significantly less time in screen-based sedentary activities compared with a later sleep onset. The difference between earlier and later sleep onset categories ranged between 4 and 13 minutes (eg, those in the late group spent 13 minutes more of the presleep period in screen time than did those in the very early group). Conversely, an early sleep onset was associated with significantly more time spent in nonscreen sedentary behavior, though the difference between early and late categories was less pronounced (5-8 minutes). Finally, for self-care, there were significant differences between early and late groups (higher in the early group), but these differences were even smaller (2-5 minutes).
DISCUSSION
The aims of this study were to describe the activities of 5-to 18-year-old New Zealand young people during the 90 minutes before sleep onset and to investigate the association between these activities and time of sleep onset. This is the first study to date to use a use-oftime approach to construct the entire presleep period, rather than reporting on selected individual activities.
In the entire sample, screen sedentary time (in particular, television watching) dominated the presleep period, by both frequency of reporting and duration. Nearly half the sample reported sitting and watching television, and screen time accounted for ∼30 minutes of the 90-minute period. In New Zealand, a maximum of 2 hours of screen time per day is recommended for young people 33 ; therefore, participants in this study accumulated one quarter of this recommendation in the 90 minutes before sleep alone. In addition to these findings, those with a later sleep onset reported up to 13 more minutes of screen time in the presleep period than did those with an earlier sleep onset. The largest mean time differences between those of early and late sleep onset were for screen time, which suggests that this set of activities may be an appropriate target for interventions to promote earlier sleep onset and subsequently improve sleep duration in young people.
Causality, and the direction of causality, cannotbe inferred from a cross-sectional design; therefore, it is necessary to consider a number of explanations when assessing the relationship between screen time and sleep onset. One explanation is that screen time may cause later sleep onset via somatic arousal, attenuation of melatonin, or sleep displacement, as proposed by other researchers. Alternatively, young people with later sleep onset may have a greater amount of discretionary time during which they can engage in screen time. A young person who arrives home from school at 4:00 PM and goes to sleep at 9:00 PM has 1 additional hour of discretionary time than a young person who arrives home at the same time but goes to sleep at 8:00 PM. If essential tasks, such as homework and dinner, take up a proportion of after-school time, those with a greater overall amount of after-school time, due to later sleep onset, may use this extra time for recreational screen-based activities.
The sequencing of events may also be important. Those with later sleep onset may complete their self-care activities earlier before engaging in screen-time later in the evening, with the opposite The results of this study are consistent with reports involving Saudi, 11 Flemish, 12 and Australian 13 young people that indicated that screen-based activities are associated with lower sleep duration or later sleep onset. However, the use of mobile phones in the presleep period was not commonly reported by New Zealand young people, in contrast to previous research in Flemish adolescents. 14 Previous research 10, 21, 22 examining the effect of nonscreen activities on sleep (eg, extracurricular activities or employment) is not directly comparable to this study. Earlier studies assessed all nonschool time, whereas the current study assessed the 90 minutes before sleep onset only, when it is unlikely that these activities would occur. Less than 10% of participants reported engaging in study or homework in the 90 minutes before sleep onset. In the current study, we considered all presleep activities, most of which were categorized as selfcare. Very few active pursuits were reported in the presleep period, but they may also influence sleep behavior.
The strengths of this study include the use of a large, nationally representative sample and the holistic approach toward the construction of the entire presleep period. However, several limitations should be acknowledged. First, there was a 45% nonparticipation rate, and nonparticipants may have differed from participants in important ways. However, the sample was representative of the New Zealand population by ethnicity, age, and geography. As discussed, the cross-sectional nature of the study does not allow for inferences of causality to be made. In addition, selfreport tools such as the MARCA are associated with error due to memory or social desirability bias, although the MARCA has been shown to have sound psychometric properties, 25,29 and in the current study the proportion of valid data were high (99.6%). Using data from a subset of participants (5-18 years) was considered the most appropriate approach to compare young people at a similar stage of development and life circumstances (preadolescent or adolescent school students). The current study examined time of sleep onset but not total sleep duration, which may be an avenue for future research. One final limitation is it was unknown where the activity occurred, although it may be assumed it was primarily in the home. For example, having a television in the child' s bedroom has been linked with sleep disturbances in previous research. 9 
CONCLUSIONS
Screen time accounted for one third of the 90 minutes before sleep onset in New Zealand young people aged 5 to 18 years. Higher engagement was evident in participants with a later sleep onset, suggesting that reducing screen sedentary time may be an appropriate intervention for promoting earlier sleep onset in young people.
